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Description 

This invention is concerned with a novel process which may be depicted as: 
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The products II, of the process are more active inhibitors of HMG-CoA reductase than are the starting 
Compounds I, and thus of greater utility in the treatment of atherosclerosis, hyperlipemia, familial hyper- 
25 cholesterolemia and like disorders. 

Background of the Invention . L „ . . 

Compounds of structure I are known and known to have HMG-CoA reductase inhibitory properties. 
They are the natural fermentation products mevinolin (U.S. Patent 4,231,938) and compactin (U.S. Patent 
30 3,983,140) and derivatives thereof, all with the natural 2-methylbutyrate side chain. 

Hydrogenation products, including tetrahydromevinolin are described in U.S. Patent 4,351,844. 

Some compounds of structure II with the 2,2-dimethylbutyrate side chain and processes for their 
preparation are known in EPO published application 33538. However, the process disclosed therein 
involves 4 distinct chemical steps: 1) de-esterification of the 2-methylbutyrate; 2) protection of the 4- 
35 hydroxy of the pyranone ring; 3) re-esterificatton to form the desired 2,2-dimethylbutyrate; and 4) 
deprotection of the 4-hydroxy group. 

Now, with the present invention there is provided a novel process for the preparation of compounds of 
structure II involving only one chemical step and resulting in overall yields much higher than those realized 
by the prior art process, with the expenditure of much less time, labor and materials. 

40 

Detailed Description of the Invention 

The novel process of this invention may be represented by: 
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wherein the dotted fines represent possible double bonds there being 0, 1 or 2 double bonds; 
n represents 1, 2, 3 or 4; and 
R is 1 ) methyl, 
€5 2) hydroxy, or 
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3) C-^altoxy* 
R 1 and R 2 are independently 

2) F? fiwdR* Joined together, form a 5 or 6-membered heterocycle such as pyrrolidine or piperidine with 
5 the nitrogen to which they are attached; 

X is halo, especially chloro, bromo or iodo; and 

M is a cation derived from lithium, sodium, or potassium. 

A preferred use for the novel process of this invention is in the preparation of compounds of formula H 
to wherein there is no double bond, one double bond in the 3,4~position, or two double bonds in the 3,4- and 
4a,5 positions; n is 1 or 2; and R is methyl in the 2-position if n - 1 and in the 2 and expositions when n = 2. 
A most preferred use for the novel process is in the preparation of the compound of structural formula: 
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30 The novel process comprises C-methylation at the 2-position of the 2-methylbutyryloxy group of I at 
the 8-poskton of the polyhydronaphthalene moiety. The lactone compound is first converted to an alkali 
metal salt preferably the potassium salt, of the dihydroxycarboxylate. Although any conceivable process 
for preparing a dry salt would suffice, it is convenient to add a substantially stoichiometric amount of 
aqueous potassium hydroxide to a solution of the lactone starting material In a hydrocarbon solvent such 

35 as benzene, toluene or cyclohexane containing a small amount of a C t -, alkanol, preferably isopropanol, 
ethanol or methanol, stirring for a few minutes to about an hour and finally concentrating to dryness m 
vacuo. The residue is subjected to rigorous drying such as by azeotropic distillation with cyclohexane or 
toluene, as the actual methylation procedure that follows proceeds properly only under rigorously 
anhydrous conditions. ■ . . * ,„ 

40 Preferably, the anhydrous alkali metal salt is dissolved in an ethereal solvent such as tetrahydrofuran, 
diethyl ether, or 1,2-dimethoxy ethane, cooled and treated with an excess of the s alkalt metal amide, wherein 
the alkali metal is lithium, sodium or potassium, preferably lithium, and the amide is preferably 
diethylamide, pyrrolidine, dimethyl amide or diisopropyl amide in an ethereal solvent in a idry inert 
environment. After about 2 to 8 hours, preferably about 2 hours at about -60 to -25°C, pref earably -35 to 

45 -30°C, a methyihalide, esp. methyl bromide, methylchloride or methyl iodide, preferably methyl bromide 
or methyl iodide, is added to the mixture while maintaining the low temperature. Treatment with the alkali 
amide and methyl halide as described can be repeated rf appreciable quantities of starting material remain. 
Preferably the reaction is conducted in an ethereal solvent at temperatures of -60 to -25°C and the 
methyihalide is methylbromide or methyliodide. More preferably the ethereal solvent is tetrahydrofuran, 

so the temperature is -35 to -30°C, the alkali metal amide is lithium diethylamide or lithium pyrrolidide, and 
the methyihalide is methylbromide or methyliodide. After about 0.5 to about 3 hours, following final 
addition of methyihalide the reaction mixture can be quenched by adding it to an excess of water. To 
isolate the product the aqueous phase is adjusted to pH 3—6 with a strong mineral acid such as 
hydrochlorid, hydrobromic, sulfuric, phosphoric acid or the like. The aqueous phase is extracted with 

as cyclohexane or toluene, dried, filtered, refluxed for 3—20 hours and finally concentrated, and filtered. 

Example 1 

Preparation of 6{R)-[2-[8(S) ( 2, 2-di methyl butyiyloxy)-2(S),6(S)-dim^ 
decahydronaphthyU1(S)Jethyl]-4(R>-hydroxy-3,43,6-tetrahydro-2H-pyran-2-one 

60 A solution of rrans-tetra hydro mevinolin (5 g, 12.25 mmol) in cyclohexane (100 ml) and isopropanol (12 
ml) was prepared under nitrogen. An aqueous solution of potassium hydroxide (4.91 M, 2.5 ml, 12.27 
mmol) was added in one portion and the two-phase mixture stirred for 0.5 hr. at ambient temperature. The 
mixture was concentrated via distillation (bath temperature 100°C). The vessel was recharged with 150 ml 
of cyclohexane and reconcentrated to a volume of 15 ml. The potassium carboxylate solution was diluted 

65 with tetrahydrofuran (35 ml) and cooled to -35°C. 
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A solution of pyrrolidine (3.6 mi r 43.1 mmol) in tetrahydrofuran (30 ml) was cooled to -5°C and a 
solution of n-butyllithium (27.5 ml, 42.6 mmol, 1.55 M in hexane) was gradually added maintaining an 
internal temperature below 0°C during the addition. 

The lithium pyrrolidide thus prepared was added to the cooled solution of the potassium carboxyiate 

5 via cannula, maintaining an internal temperature below -30°C throughout the addition. The clear yellow 
solution was aged between -35 to -30°C for 2 hours. A solution of methyl bromide (2.36, 24.8 mmol) in 
tetrahydrofuran was added maintaining an internal temperature of -20°C. The white slurry was aged for 1 
hour at this temperature. A solution of pyrrolidine (1.6 ml, 19.16 mmol) in tetrahydrofuran (15 ml) was 
cooled to -5°C and n-butyllithium (12 ml, 18.6 mmol, 1.55 M in hexane) was added maintaining the 

io temperature below 0°C. This solution was gradually added to the reaction mixture maintaining an internal 
temperature below -30°C. The mixture was aged at -30 to -35°C for 2 hours. A solution of methyl bromide 
(3.01 g, 31.7 mmol) in tetrahydrofuran was added maintaining an internal temperature of -2Q°C. The 
mixture was aged at that temperature for 1 hour. 

The mixture was quenched into a vessel containing water (100 ml), the layers separated and the lower 

is (aqueous) phase adjusted to pH 4.5 with 20% aqueous phosphoric acid. The acidified aqueous phase was 
extracted threetirhes with" 100 ml of cyclohexane. The combined cyclohexane extracts were washed twice 
with 50 ml of water, then dried over sodium sulfate (25 g). The mixture was filtered and slowly 
concentrated to a volume of 40 ml via distillation over 5 hours. After cooling to ambient temperature, the 
mixture was filtered to give crude product (4.15—4.25 g) of approximately 90—92% purity. The product 

20 was dissolved in methanol (22 ml/g of substrate) and water (6.2 ml/g) with stirring at 65°C while additional 
water (6.2 ml/g) was added. The mixture was aged at ambient temperature overnight, filtered and dried 
under vacuum at 50°C to yield pure product (85—92% recovery). Overall yield from fra/js-tetrahydro 
mevinolin is 67 — 75%. 

25 Example 2 

Alternate Preparation of 6(RM248(S){2,2-<Jimethyl-butyrylo 
1,2,3,4,4a(S),5,6,7,8,8a(S)KJecahYdronaph^ 

A solution of tra/w?-tetrahydro mevinolin (5 g, 12.25 mmol) in toluene (60 ml) and methanol (12 ml) was 
prepared in a 250 ml round bottom flask under nitrogen. 
30 A titrated aqueous solution of potassium hydroxide (4.91 M, 2.6 ml, 12.27 mmol) was added in one 
portion and the two-phase mixture stirred for 0.5 hour at ambient temperature. 

The mixture was concentrated to dryness on a rotary evaporator (bath temperature 60— 75°C, 60—70 
mm Hg). The vessel was recharged with 100 mi of toluene and reconcentrated. This recharge and concen- 
tration process was repeated providing a cream colored foam. 
35 The dried potassium carboxyiate was dissolved in tetrahydrofuran (45 ml) and cooled to -35°C. 

A solution of diethylamine (45 ml, 43.5 mmol) in tetrahydrofuran (30 ml) was cooled to -25°C and a 
solution of n-butylltthium (27.5 ml, 42.6 mmol, 1.55 M in hexane) was gradually added maintaining an 
internal temperature below -20° during the addition. 

The lithium diethylamide thus prepared was added to the cooled solution of the potassium carboxyiate 
40 via cannula, maintaining an internal temperature below -30°C throughout the addition. The clear yellow 
solution was aged between —36 to 30°C for 5 hours. 

Methyl iodide (1.4 ml, 22.5 mmol) was added dropwise maintaining an internal temperature of -30°C. 
The white slurry was aged for 1 hour at this temperature. 

A solution of diethylamine (2 ml, 19.3 mmol) in tetrahydrofuran (15 ml) was cooled to -25°C and n- 
45 butyl lithium (12 ml, 18.6 mmol, 1.55 M in hexane) was added, maintaining the temperature below — 20°C. 
This solution was gradually added to the reaction mixture maintaining an internal temperature below 
-30°C. The mixture was aged at —30 to -35°C for 2 hours. 

Methyl iodide (2 ml, 32.13 mmol) was added maintaining an internal temperature of -30°C. The 
mixture was aged at that temperature for 1 hour. 
so The mixture was quenched into a vessel containing toluene (200 ml) and water (100 ml). 

The mixture was adjusted to pH 4.5 with 20% aqueous phosphoric acid (approx. 30 ml). The layers 
were separated and the upper (organic) phase stirred over sodium sulfate (25 g) and sodium bisulfite 
(1.5 g) for 2 hours. The mixture was filtered through Supercel* and transferred to a 500 ml round bottom 
flask, fitted with a distillation head and heated for 6—10 hours (bath temperature 110°C). 
55 The toluene solution was concentrated to dryness to give crude product (5.3 — 5.4 g). Crude product 
was stirred in refluxing cyclohexane (50 ml) for 1 hour then allowed to cool with stirring to room 
temperature and aged an additional 1 hour, filtered and dried under vacuum at 50°C to yield product 
(3.4 — 3.8 g) of approximately 90 — 92% purity. 

The product was dissolved in methanol (22.6 ml/g of substrate) and water (6.2 ml/g) with stirring at 
so 65°C. The solution was filtered then heated at 65°C while additional water (6.2 ml/g) was added. The mixture 
was aged at ambient temperature overnight filtered and dried under vacuum at 50°C with a nitrogen purge 
to yield pure product (85 — 92% recovery). Overall yield from f/ans-tetrahydro mevinolin is 58—62%. 
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Example 3 

less than 93% conversion is observed a second charge of methyl brom.de (normally 0.2&-0.75 g) 

during the addition The mixture is aged *£™ «^ at -30toj* J C T KeS" m'^- is 
introduced as described above and the mixture aged for 1 hour at w to " ~ " . . |d ft 

in Table I: 
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TABLE 1 
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Double Bonds 


Rn 




3,4:4a,5 


6-CH3 




3,4 


2-CHa, 6-CH3 
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4,4a 


2-CH3, 6-CH3 




4a,5 


2-CH3, 6-CH3 


55 


3,4;4a,5 


2-CH3 




3,4:4a,5 


2-CH3 
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2-CH3 


60 




2-CH3 




3,4:4a,5 


2-CH3, 6-OH 


€5 


4,4a 


2-CH 3 , 3-OH, 5-0H 
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TABLE I continued 





Double Bonds 


Rn 
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4 f 4a:5 f 6 


2-CH 3 , 3-OH 




4,4a 


2-CH 3 
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4a,5 


2-CH 3 






2-CH 3 , 6-OH 






2-CH 3 , 3-OH 
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4,4a 


2-CH3, 6-OH 




4,4a 


2-CH 3 , o-Un 


2Q 


4a,5 


2-CH 3 , 6-OH 




4a,5 


2-CH3, 3-OH 




4 r 4a:5,6 


2-CH3, 3-OCH3 
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2«CH 3 , 3-OH, &-0H 




4.4a 


2-CH3, 3-CI, 5-CI 


30 


4.4a 


2-CH3, 3-OC 2 H 5 , 5-OH 




4.4a 


2-CH 3 , 3-OC 4 H 9 , 5-OH 




4.4a 


2-CH 3 , 6-CH 3f 3-OH, 5-OH 
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Claims 

1. A process for the preparation of a compound of structural formula II: 
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8. The process of Claim 2 for the preparation of the compound of formula: 
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9. The process of Claim 3 for the preparation of the compound of formula: 
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Patentanspruche 

T. Ein Verfahren fur die Herstellung einer Verbindung der Strukturformel II: 
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8. Das Verfahren nach Anspruch 2 fur die Herstellung einer Verbindung der Form©!: 




9. Das Verfahren nach Anspruch 3 fur die Herstellung einer Verbindung der Formel: 




Revendications 

1. Procede pour la preparation d'un compose de formule structurelle II: 
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qui comprend le traitement d'un sel de metal alcalin anhydre d'un compose de formule structured I 
10 "V 
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avec un halogenure de methyle et un amidure de metal alcalin ftf™**"^* £ anS S?S!t JS 
un cation denU du sodium du pota^um ou JMm et R 1 et R' sontunea ouRJ R jojjt 

d^ventuelles doubles liaisons, avec la presence de 0.1 ou 2 doubles lla.sons, 
n repr^sente 1, 2, 3 ou 4; et 
R est 1) un methyle. 

2) un hydroxy, ou 

2 Proced U rdt.a7eve n nSca 4 «on 1 comportant le traitement du compose I avec I'iodure de methyle ou le 

est da -If ?%kH 7232 "de metal alcalin est le diethylamidure de lithium ou le pyrrol.dure de 

"'^Precede de ,a revendication 1 dans leque. dans las composes I *^ JJJoj »Y« 
une double liaison dans la position 3A ou deux liaisons dans les positions 3.4 et4a,5, n est 1 ou 2. et R est 

a une double liaison dans la position 3,4, ou deux liaisons dans les posmons 3.4 et 4a.5. n est 1 ou 2. et R 
^pSd*^ 

a une double liaison dans la position 3.4 et deux doubles liaisons^dans les po^ons 3,4 et4a.5. n est 1 ou 2, 
et R est le methyle dans la position 2 si n = 1, et dans les posibons 2 et 6 s. n - 2. 
7. Procdde de la revendication 1 pour la preparation du compose de formule. 
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8. Procede de la revendica'tion 2 pour ia preparation du compose de formula: 
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9. Procede de la revendication 3 pour la preparation du compose de formule: 
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